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Abstract: Ectomycorrhizae were synthesized in pure culture between Larix decidua (European larch) and 
the gasteromycete, Scleroderma citrinum. Mycorrhizae were predominantly monopodal, having a pure 
white mantle and abundant attached mycelial strands. Mycorrhizae morphology is similar to that re- 
ported for other species of Scleroderma in combination with other hosts. This is a new symbiotic host- 
fungus combination reported in the literature, and extends the range of hosts with which S. citrinum is 
able to form mycorrhizae. 


Introduction 


Pure culture synthesis of mycorrhizae is an important technique for verification of 
symbiotic relationships between suspected mycorrhizal fungi and host trees (Trappe 
1962, Harley & Smith 1983, Molina & Palmer 1982). Pure culture formation of 
mycorrhizae between known component species makes it possible to characterize 
morphological features of the established association. Knowledge of these features 
aids identification of native mycorrhizae, and can be used to determine effectiveness 
of seedling inoculation with specific mycorrhizal fungi (Trappe 1977). Determining 
that symbiosis between two organisms can exist, and describing important features 
of the structures they jointly produce, is basic to mycorrhizae research. 


In the northern Great Lakes States of the U.S., species of the gasteromycete genus 
Scleroderma are found in association with both coniferous and deciduous trees on 
mesic to xeric sites (Richter & Bruhn 1987). As gasteromycetes, the basidiocarps of 
these fungi represent a source of abundant ectomycorrhizal spore inoculum. Several 
species of Scleroderma have been shown to form ectomycorrhizae in pure culture 
with Pinus resinosa Ait. (Richter & Bruhn 1986; Richter-& Bruhn 1987). In addition, 
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we tested the ability of Scleroderma citrinum Pers. (= S. aurantium (Vaill.) Pers.) 
to form mycorrhizae in pure culture with another conifer of interest to the Great 
Lakes States forest industry, Larix decidua Mill. The purpose of this paper is to re- 
port the successful formation of ectomycorrhizae between this host-fungus com- 
bination. 


Materials and methods 


The isolate of Scleroderma citrinum was obtained from a fresh sporocarp collected in a 27 yr old red pine 
plantation. The site is a xeric sandy plain in Schoolcraft County, in the Upper Peninsula of Michigan, 
U.S.A. Voucher specimens of sporocarps were dried and have been retained in the Forest Microbiology 
Laboratory, Michigan Technological University, Houghton, Michigan, U.S.A. 


Small pieces of interior sporocarp tissue were aseptically excised and cultured on Hagem’s agar medium 
(Modess 1941) in a Petri dish. The isolate was maintained by transferring to fresh medium in test-tubes, 
allowing cultures to grow 30-45 da, refrigerating at 5°C, and subculturing every 4-6 months until use in 
the mycorrhizae synthesis, 18 mo later. This same isolate was used in the successful synthesis of Pinus 
resinosa ectomycorrhizae (Richter & Bruhn 1986), and has been deposited in the American Type Culture 
Collection, Rockville, Maryland, U.S.A. (ATCC no 60969). 


The pure culture synthesis method used was the same as that reported by Richter & Bruhn (1986), with 
only the following slight modifications. Rooting substrate per jar consisted of 300 ml vermiculite and 
ground sphagnum peat (10:1 v/v). One hundred fifty ml liquid MMN (Marx 1969) were added per vessel, 
followed by autoclaving for 30 min. Upon cooling, the pH of the substrate measured 4.5-5.0, but after 
several days, when seedlings were planted, the pH stabilized at 5.0-5.5. 


Surface-sterilized Larix decidua seeds (Austrian stock) were plated on potato dextrose agar (PDA) in 
Petri dishes. The use of PDA allowed easier observation of occasional fungus contaminants than did 
water agar. Three uncontaminated seedlings were planted in each of 10 synthesis vessels. Seedlings were 
illuminated 18 hr/da under 4, 4 ft, 40 watt Westinghouse ‘‘Agro-lites’’R positioned approximately 20 cm 
above the vessels. The vessels were tipped at a 45° angle to directly illuminate their clear glass sides in- 
stead of the metal lids. Air temperatures surrounding the vessels ranged 15-20°C dark period and 25- 
30°C light period. T 
NE 


Inoculum and inoculation wasarried out exactly as previously described (Richter & Bruhn 1986). Fol- 
lowing inoculation vessels were sealed with ParafilmR and returned to illumination. Four months follow- 
ing inoculation vessels were opened under sterile conditions and a portion of the substrate plated on 
MMN agar. Using sterile forceps, several mycorrhizae were separated from lateral roots, thoroughly 
rinsed in sterile water and plated on MMN agar. Finally, the entire seedling’s root system was washed free 
of substrate and examined macro- and microscopically. Sizes of structures described are means of 5-10 
measurements. 


Results 


In seven of the synthesis vessels, Larix decidua seedlings were green and healthy, 
attaining heights of 8-15 cm with root systems 12-20 cm long. In these vessels, 
mycorrhizae were formed on approximately 50% of the root tips, especially in the 
upper portions of the substrate closer to the inoculum. Scleroderma citrinum was 
reisolated from the substrate and from individual mycorrhizae in these vessels. The 
remaining three vessels had become contaminated with Penicillium spp. The seed- 
lings in these vessels were chlorotic and moribund, with no mycorrhizae formed. 
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Individual mycorrhizae were distinctly white, glabrous to sparingly tomentose, with 
mantle mycelium often giving rise to concolorous mycelial strands (Fig. 1). 
Mycorrhizae were predominantly monopodal with rare bipodal forms, and meas- 
ured 1-5 mm long by approximately 1 mm diameter. Root hairs were present on 
lateral roots and nonmycorrhizal root tips, but were absent from mycorrhizae (Fig. 
1). Short sections of lateral roots were also slightly colonized with white S. citrinum 
mycelium (Fig. 1). 


The mycorrhizal mantle, 20-50 um thick, was composed of tightly bound hyphae. 
The mantle was thinnest to nearly lacking over the root apex, showing the pink epi- 
dermal rootcap cells underneath. Mantle hyphae were clear-walled, 3-6 um diam- 
eter, with abundant clamp connections. Two clamps were commonly observed at 
branching points, one each on the main hypha and the branch hypha, just beyond 
the branch origin. Where inner mantle hyphae contacted root cortical cells, inter- 
‘digitating hyphae formed a conspicuous ‘‘puzzle-like’’ pattern. Hartig net hyphae 
were 2-4 um diameter, and penetrated between root cortical cells 3-4 cell layers 
inward. 


Mycelial strands were composed of parallel hyphae with characteristic nodes along 
their length, especially where aggregations of clamps and branch strands occurred 
(Fig. 2). Mycelial strands averaged 0.1 to 0.25 mm diameter, but smaller aggrega- 
tions of several intertwined parallel hyphae were common. Mycelial strands still 
attached to mycorrhizae after washing were up to 15 mm long, but these were un- 
doubtedly fragmented during the washing process, and were likely much longer 
originally. 


Discussion 


Scleroderma citrinum (= S. aurantium) has been reported to be mycorrhizal with 
numerous coniferous and deciduous hosts. Trappe (1962) cites many possible host 
associations based on field observation reports, including Larix decidua. Sclero- 
derma citrinum has been reported from coal mine spoils associated with P. virgi- 
niana Mill. in the U.S. (Schramm 1966) and Betula spp. in England (Ingleby et al. 
1985). In Chile, Garrido (1984, 1986) reported S. citrinum to be common in nurs- 
eries and plantations of P. radiata D. Don, and also in plantations of Eucalyptus 
globulus Labill., Populus nigra L. and Betula pendula L. In the northern Great 
Lakes States of the U.S. we have observed S. citrinum associated with Abies balsa- 
mea (L.) Mill., Betula allegheniensis Britton, B. papyrifera Marsh, Picea glauca 
(Moench) Voss, Pinus banksiana Lamb., P. resinosa, P. strobus L., Quercus rubra 
L., and Tsuga canadensis (L.) Carr. 


Individual reports of pure culture mycorrhizae synthesis with S. citrinum are re- 
ported for Pinus patula Schl. and Cham. (Kannan & Natarajan 1987), P. radiata 
(Malajezuk et al. 1982), and P. resinosa (Richter & Bruhn 1986). Mycorrhizae have 
been formed on greenhouse seedlings of Quercus rubra using spores of S. citrinum 
(Beckjord & McIntosh 1984). Trappe (1962) lists pure culture mycorrhizae syntheses 
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performed by various researchers with Picea abies (L.) Karst., Pinus mugo Turra., 
P. strobus, P. sylvestris L., and P. virginiana, but no reports with any Larix spp. 
Molina & Trappe (1982) report mycorrhizae synthesized between S. hypogaeum 
Zeller and Larix occidentalis Nutt. Since no literature reports have been encountered 
describing pure culture mycorrhizae formation by S. citrinum and L. decidua, we 
believe this to be a newly confirmed symbiotic association. 


The morphologically distinctive white mycorrhizae with attached concolorous 
mycelial strands formed by L. decidua and S. citrinum have been described else- 
where for mycorrhizae formed by this fungus with other hosts, both coniferous 
(Richter & Bruhn 1986; Kannan & Natarajan 1987), and deciduous (Ingleby et al. 
1985). 


Several other species of Scleroderma also form similar mycorrhizae and mycelial 
strands with a variety of hosts. These were noted in syntheses between P. resinosa 
and S. meridionale Demo. and Malen. (= S. macrorrhizon Wall.), S. cepa Pers., 
and S. polyrhizum Pers., and also in a greenhouse inoculation of P. resinosa 
seedlings with S. verrucosum Vaill.: Pers. (Richter & Bruhn 1987). Morphologically 
similar mycorrhizae were also described for the combinations of P. radiata with S. 
verrucosum (Chu-Chou & Grace 1983), and Carya illinoensis (Wangenh.) K. Koch 
with S. bovista Fr. (Marx & Bryan 1969). 


In addition to Larix occidentalis mentioned above, S. hypogaeum formed white 
mycorrhizae and mycelial strands with Picea sitchensis (Bong.) Carr., Pseudotsuga 
menziesii (Mirb.) Franco, Tsuga heterophylla (Raf.) Sarg., and three western U.S. 
Pinus spp. (Molina & Trappe 1982). Thus it seems ectomycorrhizae formed by 
Scleroderma spp. are characteristically white with attached concolorous mycelial 
strands regardless of the host involved. 
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Figs. 1-2: Ectomycorrhizae formed between Scleroderma citrinum and Larix decidua. Fig. 1. Low-power 
micrograph showing lateral roots bearing predominantly monopodal, white ectomycorrhizae with abun- 
dant mycelial strands. Note root hairs (arrows) on uncolonized lateral roots and portions of lateral roots 
lightly colonized with white mycelium. Approx. x5. Fig. 2. Light micrograph of typical nodulose 
mycelial strands composed of parallel hyphae which bear numerous clamp connections (arrows). Approx 
x 333. 
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